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MaBACKGROUND American Academy of Pediatrics guidelines emphasize regionalized systems of care for pediatric chronic
illness. There remains a paucity of information on the status of regionalized systems of care for pediatric congenital heart
disease (CHD).
OBJECTIVES This study evaluated variations in use of pediatric cardiology specialty care centers (PCSCC) for pediatric
patients with CHD in California between 1983 and 2011.
METHODS We performed a retrospective, total population analysis of pediatric CHD patients using the California Ofﬁce
of Statewide Health Planning and Development unmasked database. PCSCCs were identiﬁed by California’s Title V
program.
RESULTS There were 164,310 discharges meeting inclusion criterion. Discharges from PCSCCs grew from 58% to
88% between 1983 and 2011. Regionalized care was highest for surgical (96%) versus nonsurgical (71%) admissions.
Admissions with a public payer increased from 42% (1983) to 61% (2011). Total bed days nearly doubled, and median
length of stay increased from 2 to 3 days (nonspecialty care) and from 4 to 5 days (specialty care). There was a decrease
in the pediatric CHD in-hospital death rate from 5.1 to 2.3 per 100,000 between 1983 and 2011, and a shift toward a
larger percent of deaths occurring in the newborn period.
CONCLUSIONS California’s inpatient regionalized specialty care of pediatric CHD has increased substantially since
1983, especially for surgical CHD discharges. The death rate has decreased, the number of bed days has increased, and a
large proportion of these discharges now have public payers. Health care reform efforts must consider these shifts while
protecting advances in regionalization of pediatric CHD care. (J Am Coll Cardiol 2015;66:37–44) © 2015 by the American
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CCS = California Children’s
Services
CHD = congenital heart disease
LOS = length of stay
OSHPD = Ofﬁce of Statewide
Health Planning and
Development
PCSCC = pediatric cardiology
specialty care centers
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38for Pediatric Cardiovascular Centers” states
that designated centers with speciﬁc pediat-
ric capacities should strive to participate in
regional health care networks (11).SEE PAGE 45Pediatric CHD is a broad category encom-
passing a wide range of conditions, and
hospital mortality rates of CHD repair vary:
1% for simple forms and up to 5% for more
complex lesions (12). Indeed, in the mostcomplex cases, mortality rates range from 26% to 36%
(13) and complex lesions such as hypoplastic left
heart mortality can be as high as 21% to 40% on the
basis of distance to specialty care center, prenatal
diagnosis, and hospital CHD volume (14).
During the last 30 years, medical and surgical
advances have improved outcomes for children
born with CHD, leading to an increasing number of
survivors requiring an ongoing provision of ser-
vices. In addition, reducing health disparities for
pediatric and adult CHD is a high priority. Health
disparities are described in patients with CHD
(15,16), including a study revealing reduced survival
among non-white children born with CHD (17).
Access to care for CHD has been shown to vary
between whites and non-whites (15) and on the
basis of type of insurance (18).
Fundamental to many of these questions, and what
remains unexamined, is how overall use of regional
centers for pediatric cardiac care has evolved in the
last 30 years, a period which has seen expansion of
public health insurance programs and the advent of
managed care models. As the United States embarks
on a new era of care brought about by the Affordable
Care Act, clarity in understanding the baseline of
access to care for vulnerable pediatric patients is
critical. Therefore, we sought to understand the use
of regional pediatric cardiology specialty care cen-
ters (PCSCCs) during the last 28 years in California
between 1983 and 2011.
METHODS
STUDY DESIGN. A retrospective analysis of pediatric
hospitalizations for children aged 0 to 18 years in
California during the period 1983 to 2011 was per-
formed. The Institutional Review Board at Stanford
University and the State of California Committee for
the Protection of Human Subjects reviewed and
approved this study.
INCLUSION AND EXCLUSION CRITERIA. The analysis
included children whose discharges included codesfor pediatric congenital heart disease diagnoses
(745.xx-747.xx) and/or cardiac surgical procedural
codes (35.xx, 37.xx [except 37.0x], 39.0x, 39.21, 39.54,
39.59, 39.61, 39.62, 39.63, 39.64, and 36.99). If an in-
dividual had > 1 CHD or cardiac surgical procedural
codes, we included up to the ﬁrst 5.
We extrapolated from the work performed on
categorization of CHD in adults by Warnes et al. (19),
and deﬁned CHD as either simple (i.e., isolated atrial
or ventricular septal defects or valvular disease) or
moderate/complex. Simple CHD was then excluded
from the nonsurgical group due to the perceived
low risk of morbidity and mortality after repair.
Moderate to complex CHD diagnoses, along with all
surgical cases, remained in the sample. We further
excluded newborns who died at nonspecialty centers
within the ﬁrst 2 days of life and the newborns born
in a nonspecialty care center who were transferred
within the ﬁrst 3 days of life (vaginal deliveries)
and 7 days of life (Cesarean deliveries). Finally,
we excluded cases with primary codes indicating
admission for pregnancy, trauma, and residence in
a non-California zip code, the methodology of
which has been described in prior work (20–22). This
generated 531,772 pediatric CHD discharges, with
164,310 meeting inclusion criteria (Figure 1).
DATA SOURCES AND DEFINITIONS. This analysis
used the unmasked Patient Discharge Database from
the Ofﬁce of Statewide Health Planning and Devel-
opment (OSHPD), which contains information on
discharges from all licensed nonfederal acute care
hospitals in California. Unmasked OSPHD discharge
ﬁles contain age, race/ethnicity, sex, county of resi-
dence, patient zip code, insurance status, and clinical
information such as discharge diagnoses, procedures,
disposition of patient, external cause of injury, source
of admission, and length of stay (LOS). Each discharge
ﬁle documents the principal diagnosis and up to
24 secondary diagnoses, all coded according to the
International Classiﬁcation of Disease-9th Clinical
Modiﬁcation. We combined race and ethnicity vari-
ables to create categories as White non-Hispanic,
Black non-Hispanic, Hispanic, Asian/Paciﬁc Islander
non-Hispanic, and other non-Hispanic categories.
Payer status was categorized as public insurance
(Medicare, Medi-Cal [California’s Medicaid program],
County Indigent Programs, State Children’s Health
Insurance Program [SCHIP], and Title V programs),
private insurance (including private health mainte-
nance organizations and other managed care plans),
and other (self-pay and other payer).
The designation of a specialty care center was on
the basis of whether it was recognized by the
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39California Title V program, California Children’s Ser-
vices (CCS), as a pediatric cardiology specialty care
center. Accreditation by CCS as a pediatric cardiology
center reﬂects capacity to provide comprehensive,
coordinated pediatric cardiac care. As of May 2013, 16
hospitals in California had CCS designation as a
regional PCSCC (23), including 7 children’s hospitals.
We retrospectively veriﬁed site accreditation during
the 28 years of the study and conﬁrmed that all
except 1 (Pasadena Hospital) were accredited
throughout our study period; for Pasadena Hospital,
only the admissions during the accredited period
were considered as being treated in a specialty care
center. Total bed days represent the number of dis-
charges with a particular LOS multiplied by that LOS,
then summed over all bed days. Discharges occurring
on the same day as admission were considered to
have an LOS of 1 day. Child population data wereFIGURE 1 Study Population
All discharges with dx 745xx-747xx or ca
surgical codes
(531,772)
Cardiac discharges with valid zip cod
(511,789)
Final Sample
(490,748)
Final Sample
(164,310)
Surgical
(114,706)
Moderate
(49,
Pediatric discharges ages 0 to 18 years with congenital heart disease, Ca
(e.g., an individual with trauma could live in a non-California zip code); th
to the difference between the ﬁrst and second blue boxes. MDC ¼ medobtained from the United States Census Bureau
(24–26) Child poverty rates were obtained from the
Current Population Survey (27). Public Insurance
Coverage rates were pulled from the U.S. Census
Bureau’s Current Population Survey Annual Social
and Economic Supplement (28,29).
STATISTICAL METHODS. Chi-square test analysis
was used to assess differences between proportions
and a value of p < 0.05 was deemed statistically sig-
niﬁcant. All analyses were performed using SAS
Version 9.1 (SAS Institute Inc., Cary, North Carolina)
statistical software.
RESULTS
There were 531,772 pediatric CHD discharges in Cali-
fornia during the 28 years spanning from 1983 to 2011,
with 164,310 meeting inclusion criterions. Of these,rdiac
Exclude admissions for trauma
(6,962)
Exclude admissions for pregnancy (mdc = 14)
(559)
Exclude newborns transferred out of a
nonspecialty care center: 3 days for
vaginal delivery or 7 days for C-section.
(18,404)
Exclude non-CA zip codes and invalid zip
codes
(12,258)
es
-Complex
604)
Nonsurgical
(376,042)
Exclude Simple
(326,438)
Exclude newborns who died in nonspecialty
care center within 2 days 
(2,637)
lifornia, 1983 to 2011. Some of the exclusions can be double counted
erefore, the numbers from the ﬁrst 3 light blue boxes do not add up
ical diagnostic category.
TABLE 1 Discharge D
Income for Pediatric P
and in Cross-Section f
Total
Age, yrs
Newborn
0–1
1–4
5–9
10–14
15–18
Sex
Male
Female
Payer
Public
Private
Other
Race/Ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic
Asian/Paciﬁc Islande
Other, n/a
Discharge status
Discharged alive
Died
Median zip code incom
<2 FPL
2 to <4 FPL
>4 FPL
Values are n (%). *Demogr
FPL ¼ Federal Poverty L
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40114,706 (70%) were discharges associated with a sur-
gical procedure and 49,604 (30%) were associated
with hospitalization without surgical intervention
(Figure 1). Overall, children in this population were
predominantly young (73% were <5 years of age),
male (55%), and covered by a public payer (51%).
Fifty-eight percent lived in a zip code with a me-
dian income between 2 and 4 times the federal
poverty level (FPL), and 27% lived in a zip code
with a median income <2 times the FPL (Table 1).
White, non-Hispanic children accounted for 42% of
this population, whereas Hispanic children accoun-
ted for 38%. This overarching demographic portrait
combining all patients seen during 28 years ob-
scures considerable shifts in California’s demo-
graphics: between 1983 and 2011 the percent of
discharges covered by a public payer increased from
42% to 61% (p < 0.0001) and the percent of dis-
charges identiﬁed as Hispanic rose from 24% to 48%
(p < 0.0001).emographics: Age, Sex, Payer, Race/Ethnicity, Discharge Status, and
atients With CHD Hospitalized in California, Total for 1983 to 2011
or 1983 and 2011*
Total (19832011) 1983 2011 p Value
164,310 5,236 5,525
<0.0001
17,212 (10) 326 (6) 843 (15)
63,678 (39) 1,917 (37) 2,047 (37)
39,962 (24) 1,564 (30) 1,144 (21)
17,801 (11) 624 (12) 612 (11)
13,844 (8) 457 (9) 422 (8)
11,813 (7) 348 (7) 457 (8)
0.2391
90,937 (55) 2,873 (55) 2,968 (54)
73,353 (45) 2,363 (45) 2,555 (46)
<0.0001
83,241 (51) 2,179 (42) 3,375 (61)
75,956 (46) 2,512 (48) 2,080 (38)
5,084 (3) 545 (10) 70 (1)
<0.0001
68,570 (42) 3,034 (58) 1,659 (30)
11,529 (7) 413 (8) 347 (6)
62,409 (38) 1,240 (24) 2,626 (48)
r 11,833 (7) 275 (5) 407 (7)
9,642 (6) 274 (5) 486 (9)
<0.0001
155,661 (95) 4,897 (94) 5,306 (96)
8,642 (5) 339 (6) 219 (4)
e 0.0014
44,105 (27) 1,508 (29) 1,491 (27)
94,583 (58) 2,885 (55) 3,269 (59)
19,873 (12) 533 (10) 652 (12)
aphic variables percent totals may not sum to 100% due to rounding or missing data.
evel.The regionalization of pediatric CHD care increased
signiﬁcantly during the period of study. Pediatric
CHD cases discharged from a PCSCC increased from
58% in 1983 to 88% in 2011 (p < 0.0001) (Central
Illustration). Surgical cases experienced higher
rates of regionalization, increasing from 61% to 96%
in 1983 and 2011, respectively (p < 0.0001). For
nonsurgical discharges, PCSCC usage increased from
48% in 1983 to 71% in 2011 (p < 0.0001). Rates of
regionalized care increased until 2002 when a pla-
teau occurred for both surgical and nonsurgical
discharges.
To further examine hospitalization by children
with CHD, we then examined the use of inpatient care
as measured by bed days (Figure 2). During the study
period there was increased demand on inpatient care
with total bed days increasing from 35,753 days in
1983 to 71,278 in 2011—an increase of 199%. When
standardized for child population growth, the bed
days increased from 591 of 100,000 (1983) to 769 of
100,000 (2011) children (data not shown). There was
a sharp divergence between specialty and non-
specialty care bed days: PCSCC bed days increased
from 22,949 (1983) to 65,189 (2011) while they
decreased in nonspecialty care centers from 12,804 to
6,089 over the same period. The median LOS
increased from 2 to 4 days (nonspecialty care,
private payer), from 3 to 4 days (nonspecialty care,
public payer), 4 to 5 days (specialty care, private
payer), and was unchanged at 5 days for specialty
care, public payer patients. Accompanying the evo-
lution of regionalized care was the change in payer
status. Initially in 1983 there was an equal split
between public (50%) and private (50%) payers in
both specialty and nonspecialty sites. That is in
contrast to 2011 when 66% of all bed days for pediatric
CHD cases were covered by public programs; of those
96% were cared for in specialty hospitals and 4% in
nonspecialty hospitals. There was a slight shift
in primary cardiac discharge diagnosis over time:
in 1983 the most common cardiac diagnosis was
tetralogy of Fallot and in 2011 it was coarctation of the
aorta (Table 2).
The increase in the use of regionalized services was
concurrent with decreasing pediatric CHD mortality
rates. The overall admission fatality rate was 5%,
decreasing from 6% in 1983 to 4% in 2011 (p < 0.0001)
(Table 1). To further examine inpatient pediatric CHD
deaths, we adjusted for growth in the child popula-
tion by calculating a pediatric CHD death rate per
100,000 California children. The death rate from
pediatric CHD decreased from 5.1 to 2.3 per 100,000
between 1983 and 2011, a decrease of 45% (data
not shown).
CENTRAL ILLUSTRATION Pediatric Cardiology Subspecialty Care Utilization and Congenital Heart Disease Death Rates in
California, 1983 to 2011
Chamberlain, L.J. et al. J Am Coll Cardiol. 2015; 66(1):37–44.
(Upper panel) Percent of pediatric congenital heart disease discharges from pediatric cardiac specialty care centers in California, 1983 to 2011. (Lower
panel) Overall age distribution of pediatric congenital heart disease death in California, 1983 to 2011.
J A C C V O L . 6 6 , N O . 1 , 2 0 1 5 Chamberlain et al.
J U L Y 7 , 2 0 1 5 : 3 7 – 4 4 Pediatric Cardiology Subspecialty Care
41
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TABLE 2
Pediatric
Tetralogy
Coarctatio
Complete
Primary pu
Endocardi
CHD ¼ cong
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42The overall death rate decreased during the study
period, and the age at death, cause of death, and type
of admission that resulted in death changed. The
distribution of age at death shifted from occurring
predominantly for children <1 year old (61%) in 1983,
to being evenly split between newborn admission
(41%) and in subsequent admission for children
<1 year old (40%) in 2011 (Central Illustration). In 1983
and 2011 the most common fatal cardiac diagnosis for
the newborn admission was hypoplastic left heart
syndrome. Tetralogy of Fallot was the leading cause
of death beyond the newborn period and children
<1 year old in 1983, but fell to the ﬁfth leading cause
of death in 2011. The majority of deaths for the same
age in 2011 were due to “chronic pulmonary heart
disease (416.9).” Overall, the breakdown of type of
admission that resulted in death changed: in 1983,
70% of deaths occurred during surgical admissions
versus 30% for nonsurgical admissions. In 2011, 57%Top 5 Most Common Cardiac Discharge Diagnoses for
Patients With CHD Hospitalized in California, 1983 vs. 2011
1983 2011
of Fallot Tetralogy of Fallot
n of aorta Coarctation of aorta
transposition of great vessels Hypoplastic left heart syndrome
lmonary hypertension Endocardial cushion defect
al cushion defect Double outlet right ventricle
enital heart disease.of deaths were surgical, whereas 43% were non-
surgical. Finally, we examined those who died in
the nonspecialty care setting in 2011. Ninety-ﬁve
percent of all deaths occurred during either the
newborn admission (58%) or between the newborn
admission and age <1 year (37%). Age of death was
younger than 3 months for all but 1 patient who was
6 months old. The most common diagnoses in this
group were tetralogy of Fallot, double outlet right
ventricle, and coarctation of the aorta. Only 1 of
these admissions was for a cardiac surgical admission
(data not shown).
DISCUSSION
Regionalized care for pediatric patients with CHD
has increased during the last 28 years in California
with varying trends for surgical and nonsurgical dis-
charges. Surgical discharges saw the highest concen-
tration of regionalized care (Central Illustration).
During the last 10 years a plateau trend has emerged,
with regionalized care leveling off for both surgical
and nonsurgical types of discharges at around 85%
beginning in 2002. This is in contrast to regionalized
patterns of care for pediatric oncology discharges
where levels reached 97% by 2008 (22). As outcomes
for pediatric patients with CHD are improved in
high volume centers, further work needs to explore
policy opportunities to recapture the upward trend
of regionalized care.
The ampliﬁed demand on the system was shown in
the increased number of bed days, even when
adjusted for child population growth. The additional
use resulted in part from increased survivorship: the
pediatric CHD death rate over time decreased by
>50% in the last 28 years, from 51 to 23 CHD deaths/
100,000 child population. This echoes the published
data describing age of death shifting from <1 year old
to closely mirroring the distribution of death in
the general population (30). The increased survivor-
ship resulted from a wide range of forces including
technical and surgical advances, the development of
cardiac intensive care units, improvements in inter-
ventional catheterization and cardiovascular imag-
ing, as well as recognizing the optimal timing for
repair (31–33); this is exempliﬁed by tetralogy of Fal-
lot falling from the leading cardiac cause of CHD
death for infants in 1983 to the ﬁfth leading cause
in 2011.
The advances and emerging epidemiology of CHD
have engendered new demands on systems of care,
requiring increased specialization across a wide range
of multidisciplinary teams found in regionalized
centers where volume leads to improved quality (6,7).
PERSPECTIVES
COMPETENCY IN SYSTEMS-BASED PRACTICE: Children
with CHD hospitalized in California experienced variable access
to pediatric cardiology subspecialty care during the period
1983 to 2011. Inpatient specialty care days increased, particu-
larly for surgical procedures and the death rate among this
population declined. A large proportion of care is funded by
public payers.
TRANSLATIONAL OUTLOOK: As survival has improved and
the CHD population expands and ages, health care planning
should consider the implications of a fragile inpatient care
system dominated by public payer status.
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43With these shifts have emerged other patterns: in
California, deaths are increasingly associated with
medical versus surgical admissions, echoing the
published data describing that survivors succumb
more often to medical conditions than surgical prob-
lems (34), and elevating the concern that regionalized
care lags for nonsurgical admissions compared to
surgical admissions.
PCSCCs have grown in both volume and in ﬁnancial
instability during the last nearly 30 years in California
(35,36). As the number of children on Medicaid has
increased, PCSCCs experienced an increased number
of bed days covered by public payers. Increasing
survivorship, coupled with an increasing number of
U.S. children living in poverty (37) and the expansion
of public coverage program such as the Children’s
Health Insurance Program (CHIP), has resulted in a
marked dependence on public reimbursement rates
for PCSCCs. The result of this convergence is that
PCSCC funding is increasingly vulnerable to policy
shifts, and great care must be taken when reform of
Title V programs is considered. Central to all con-
versations needs to be the understanding that rela-
tively rare pediatric conditions are occurring in
increasingly poor families, while PCSCCs continue to
enhance their clinical capabilities to intervene. Shifts
limiting access to such care will result in increasing
health disparities.
It will be important to continue to monitor the
degree to which pediatric patients with CHD can
continue to access PCSCCs as the Affordable Care Act
moves into implementation across the states. The
time trends we describe can be used to monitor shifts
in regionalized care as the dynamics of health care
reform play out across California, and indeed the
nation, during subsequent years. As the health in-
surance marketplaces or health exchanges emerge,
the adequacy of networks are of concern (38) and
must be closely monitored for inclusion of pediatric
specialty care centers so that parents who seek
coverage through exchanges have access to the
necessary level of pediatric care.
STUDY LIMITATIONS. Our ﬁndings should be inter-
preted with inherent limitations kept in mind. As
with any administrative dataset, coding errors
threaten validity. OSHPD is well established, and the
accuracy of coding has been shown to be high in
adults (39,40) but it has not been validated in chil-
dren. We are unable to gain important clinical insight
from this administrative data. A subset of “medical”
admissions may have occurred while awaiting a sur-
gical intervention, such as transplantation. If surgery
did not occur, the case was considered medical as theonly interventions were medical in nature, such as
supportive care. For many pressing questions, such as
why children die in nonspecialty care settings, other
methodologies should be used such as chart review or
focus groups with providers. In addition, we were
unable to account for children who die at non-
regional centers before being diagnosed with CHD.
We were unable to account for the increasing number
of patients being considered as surgical candidates
over time. The study examines discharges in Califor-
nia, a diverse state with unique patterns of hospital-
ization. Our ﬁndings may not be applicable to other
states or regions, particularly as regional systems of
care tend to operate distinctively. However, as 1 in 7
U.S. children live in California, our ﬁndings retain
relevance.
CONCLUSIONS
After examining population-based data longitudinally
during nearly 30 years in California, distinct patterns
of regionalized care for pediatric patients with CHD
have emerged. Overall, there have been signiﬁcant
gains in concentrating care in PCSCCs, particularly for
pediatric surgical cases. With increasing survivorship
and an aging CHD population, many challenges
remain. The fragility of inpatient care dominated by
public payer status requires an increasing focus on
the unique epidemiology of pediatric CHD and its
attendant systems of regionalized care.
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